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The project was concerned with an assessment of the tramsport of
atmospheric aerosols into the Western Mojave in southern California.
The data used in this assessment was derived from a field study
conducted in the western Mojave Desert during the summer of 1983.
Three locations were utilized in the experiment: (1) Five miles east
of Tehachapi Pass to assess transport from the San Joaquin Valley
(2) Palmdale, to assess transport from the general direction of the
Los Angeles basin and (3) Cajon Pass, to assess transport from the San
Bernadino-Riverside area. Measurements were made for approximately
two weeks at each location for the following time periocds:
(1) Tehachapi, July 17-30 (2) Palmdale, July 3l-August 12 and
(3) Cajon Pass, August 13-26, 1983. At each location the following
measurements were made (1) particulates utilizing both a five stage
Lundgren rotating drum impactor and a two stage high sensitivity
stacked filter wunit (2) hourly averages of temperature, humidity,
windspeed, and direction at heights of 2m and 10m above the ground (3)
pibal measurements at four-hourly intervals (4) Continuous acoustic
sounding and (5) occasional tethersondes.

Modified principal component analysis was wutilized for the
specific purpose of assessing the transport of particulates into the
Mojave Desert from the Los Angeles basin and the San Joaquin Valley.

Specific findings included in the report are as follows:

1. Since the measurements at the three sites were not made
simultaneously, their values in interpreting differences in transport
patterns depends on how representative conditions were during the
observation periods. These differences were evaluated by performing a

statistical analysis of aerometric data from Edwards Air Force Base.
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These analyses indicate that average wind direction was essentially
constant and average nephelometer readings were uniform between the
three observation periods. However, the wind Speed was significantly
lower and the humidity was significantly higher during the "Cajon"
period.

2. Flux calculation at the three sites for K, S, Si, Pb, Fe and
Ca indicate that during periods of substantial flux, the transport is
primarily from theugst at Tehachapi; from the southwest at Palmdale;
and from the south at Cajon.

3. Silicon, Potassium, Calcium and Iron are crustal elements,
and the general level of these elements are directly related to wind
speed. The source of these elements appears to be locally generated
windblown dust in the Mojave Desert.

4. On the other hand, the major sources of lead and sulfur
appears to lie outside of the Western Mojave Desert in the Los Angeles
Basin and the San Joaquin Valley.

5. At Cajon Pass and Palmdale relative humidity, sulfur and lead
vary together, suggesting a common source of these factors.

6. At Palmdale, there is clear evidence of a broad flow of

sulfur-laden air associated with stable, nocturnal transport.
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1. INTRODUCTION

In this report we are concerned with assessment of transport of
atmospheric aerosols into the western Mojave Desert in southern California.
Measurements allowing direct assessment of wind transport of aerosols in
this region have been made only recently. Transport into the Mojave Desert
from the San Fernando and southern San Joaquin Valleys has been studied by
Reible, et al., 1982 using tracer experiments. These experiments showed
that material released in the San Fernando Valley impacted the southern
region of the Mojave Desert while a tracer released at Oildale in the
southern San Joaquin Valley reached the northern portion of the desert.
Reible found the tracer material to be diluted only by a factor of two to
three. The resultant desert concentrations were considered to be
surprisingly high considering the long travel time over rough terrain. It
is believed that visibility in the Mojave Desert has degraded in recent
years [Trijonis, 1979]. Visibility is unusually significant in this area.
Safe landing of the Space Shuttle is dependgnt on good visibility as are
various operations of the U.S. Air Force and Navy. 1In addition, the
western Mojave is a major recreational area for the high population areas
of Southern California. Good visibility is an important recreational
ammenity for such areas. For these reasons, it is important to study the
physical processes giving rise to reduced visibility. One of these is wind
transport of particulate matter or aerosol into the Mojave Desert from
nearby urban and industrialized areas.

The kind of questions which we seek to answer are the following. What
is the relative importance of transport from the Los Angeles basin in
comparison to that from the southern portion of the San Joaquin Valley? 1Is

there a identifiable difference in the composition of the aerosol in these




two airstreams? What is the relative importance of locally generated
aerosol and can this be distinguished from that transported from other air
basins? What meteorological processes act to control or modulate the
atmospheric concentration of particulates in this region? In this section
we show how the techniques set out earlier [Flocchini and Myrup, 1985] can

be used to clarify some of these questions.

2. CLIMATOLOGY AND METEOROLOGY OF THE WESTERN MOJAVE DESERT

The western Mojave Desert is an extension of the arid Basin and Range
Province, characterized by rocky mountain ranges separated by
alluvium-filled basins. This region is essentially a subtropical desert
which experiences in the winter months fairly frequent incursions of
middle-latitude weather, in the form of frontal systems. In the summer,
somewhat less frequent incursions of tropical weather, in the form of
bursts of moist monsoon air and locally intense rainfall, occur throughout
the Desert.

This paper is concerned with wind transport in the summer. We will,
therefore, concentrate here on the relevant facts of the wind climatology
primarily in that season. Away from the mountains, this portion of the
Mojave Desert is dominated by westerly flow at all times of the year and
all hours of the day [Hayes, et al., 1984]. The average winds are
strongest during the late spring and early summer months. During
middle-latitude synoptic events, which can occur at any time of the year,
strong southerliies and northerlies may appear. During the spring, summer
and fall there is a pronounced tendency for the strongest winds to occur in

the late afternoon and early evening, i.e., after inversion conditions have
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set in. TFigure 1 shows data from Hayes, et al., for Edwards Air Force Base
in the center of the western Mojave Desert.

Near the mountains, two effects are observed. Strong channeling
occurs in the mountain passes and in the basins where adjacent mountains
are strongly alligned, as they usually are in Nevada. In California, the
mountain-channeling effect can be seen in the China Lake data where the
wind is predominantly southwesterly, reflecting the orientation of the
Sierra Nevada and Argus ranges.

In addition, the mountains generate local mountain -~ valley wind
systems which often dominate airflow near the mountain slopes. The evening
mountain or drainage winds may be particularly important to the
understanding to our data. Fig. 1, (Hayes, 1984), illustrates the diurnal
variability in the wind vector at Edwards Air Force which is particularly
noteworthy in the summer months. The same general features are seen at
other desert stations although the direction of the mean wind may be
diverted by mountain and canyon channeling.

In summary, the wind regime in the western Mojave Desert is dominated
by strong westerly winds at all times of the year, This picture can be
changed by synoptic events, which can generate strong southerlies and
northerlies and by mountain channeling effects. Near the mountains
relatively weak upslope winds may develop over solar-heated slopes during
the day. At night, stably stratified nocturnal drainage winds flowing out
of the San Gabriel, Tehachapi and Sierra Nevada Mountain may be
substantially augmented by late sea breeze and valley systems generated in

the Los Angeles Basin and in the San Joaquin Valley.

3. METHODOLOGIES EMPLOYED
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The problem we are interested in is representation of the detailed
relationship between elemental aerosol concentration, wind direction and
associated meteorological parameters. The problem is complex and well
suited for the method of principal components analysis. 1In this section we
shall use some modifications of this technique which we believe clarify the
problem.

A number of investigators have used the method of empirical orthogonal
function analysis (also known as factor analysis by principal components)
to examine spatial patterns of measured meterological parameters or to
determine source contributions or spatial patterns of air pollutants.
Kidson (1975) carried out a Principal component analysis on the monthly
means of surface pressure, temperature, and rainfall defined as grids
extending over both hemispheres and the tropical belt. Walsh (1978)
represented the high latitude fields of sea level pressure, surface
temperature, and 700 mb height and temperature in terms of empirical
orthogonal functions in order to evaluate the daily persistence of arctic
pressure anomalies. Walsh and Mostek (1980) utilized monthly
meteorological data for the years 1900-77 in an eigenvector analysis of the
anomaly patterns of surface temperature, precipitation, and sea Ilevel
pressure over the United States. Walsh and Richman (1981) evaluated the
seasonal dependence of the associations between large scale temperature
anomalies over the United States and the North Pacific ocean. Wallace and
Gutzler (1981) examined the large~scale associations in the winter time
planetary circulations by statistical techniques including empirical
orthogonal function analysis. Horel (1981) extended the work of Wallace
and Gutzler by rotating the eigenvectors. Richman (1981) performed a

detailed analysis of obliquely rotated principal components as a map typing




technique. Cohen (1983) classified 500 mb height anomaly patterns for
North America using principal component analysis with oblique rotation.
Hardy and Walton (1978) generalized the method of principal component
analysis to allow the treatment of vector fields. They applied the
analysis to a 12-month record of mean hourly wind velocities from 10
measurement locations in a mesoscale region.

Principal component analysis has also been applied to air pollution
measurements. Blifford and Meeker (1967) constructed a factor analysis
model of large scale pollution. Gaarenstroom (1977) constructed
eigenvectors of particulate matter composition for daily samples collected
throughout 1974 in and near Tuscon, Arizona. The first two eigenvectors
which accounted for 60% of the variance were attributed to soils and
sulfate. Gatz (1978) performed an empirical orthogonal factor analysis of
eleven elemental concentrations measured in particulate matter during three
summer seasons in St. Louis. Upon rotation four physically identifiable
eigenvectors were obtained: soil and flyash, sulfur with metals, auto
exhaust, and metals without sulfur. Alpert and Hopke (1980, 1981)
performed a target transformation factor analysis to identify sources of
air pollution in Boston and St. Louis. Floecchini et al. (1981) constructed
eigenvectors of elemental composition at each of the forty sites in the
Western Fine Particle network. The two major source contributions of this
analysis, which explained an average of 507 of the variance, were
identified as windblown dust and sulfur. Pitchford et al. (1981) performed
a principal component analysis at selected sites in the Western Fine
Particle Network wusing elemental data and visibility measurements.
Ashbaugh (1984) performed a spatial principal component analysis of sulfur

concentrations utilizing the forty sites of the Western Fine Particle
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network. (Flocchini et al., 1980). After rotation of the initial
eigenvectors, two large geographic regions were identified which accounted
for 337 of the variance of the data. Three other smaller regions were
identified which also had significant variance. The first eigenvector
included most of Utah, Colorado, Arizona, and New Mexico. The second
eigenvector included sites 1in the northern great plains. The remaining

eigenvectors were attributed to locally important conditions.

4. PRINCIPAL COMPONENTS ANALYSIS

It was felt that to aid the interpretation of these data a procedure
for incorporating wind velocity was essential. This report describes
several possible methods and attempts to assess relative strengths and
weaknesses of the techniques. The authors have utilized principal
component analysis as an interpretive tool and the results should be viewed
in this light.

The primary advantage of principal component analysis is its ability
to reduce a large number of variables to a smaller number of uncorrelated
factors which explain a large part of the variance of the original set.
Several methods of initial factor extraction have been developed. These
are discussed in standard texts such as Harman (1976). In the factor
analysis model, each of the n variables is replaced by a linear combination
of m (m<n) common factors plus a unique factor. The unique factor contains
the residual variance not explained by the common factors. In the
principal component model the n variables are replaced by n pPrincipal
components or eigenvectors. A unique factor is not necessary since all the
variance 1is explained by the n principal components. The principal

component model, then, amounts to a rotation of coordinate axes in
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n-dimensional variable space to a new reference frame (Harman, 1976). The
first principal component extracted accounts for the maximum possible
variance in the data set. Each succeeding principal component accounts for
the maximum remaining variance. Although the number of principal compo-
nents can equal the number of original variables, in general only the first
few principal components are required to explain a large fraction of the
variance,

The first set of principal components extracted is not unique; it can
be linearly transformed, or rotated to obtain an equivalent description of
the data. The principal components themselves are, after all, simply a
rotation of the original data set. After rotation, however, each factor in
turn will not explain the maximum remaining variance in the data. Only the
original principal component extraction has this property. The decision of
whether or mnot to rotate the principal components rests with the
investigator, Harman suggested that the preferred types of factor
solutions are based on two general principle; of (1) statistical simplicity
and (2) scientific meaningfulness. Statistical simplicity is achieved by
constraining the analysis to the initial extraction. If the investigator
desires to explain the maximum amount of variance with the fewest possible
factors, the eigenvectors should not be rotated. However, the price paid
for this constraint may be reduced scientific meaningfulness. Without
rotation, interpretation of the first one or two eigenvectors is mnot
generally a problem, but higher numbered components may be difficult to
interpret. Furthermore, as Horel (1981) pointed out, the initial principal
component solution (and certain rotated solutions, as well) is dependent on
the domain of the analysis. Without rotation, higher numbered components

may be present in the analysis under on domain, but not under another. The
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varimax method is one of the most widely used orthogonal rotations, in part
because it is often independent of the domain of the analysis. The effect
of rotation is to align the axes of the principle components along the
direction of the clusters of variables. Thus, the eigenvalues tend to be
either high or 1low, with very few intermediate values. The rotated
eigenvectors are generally easier to explain physically that are the
unrotated eigenvectors. Two general types of rotation can be employed. An
orthogonal rotation constrains the alternative eigenvectors to be
uncorrelated, as in the initial analysis. An oblique rotation allows
partial correlation between the eigenvectors. If the investigator expects
that the underlying physical mechanisms within the system are correlated,
then an oblique solution may be desirable. In general, however, an
orthogonal rotation is desired.

Briefly, two major techniques, derived from principal components
analysis, are used to study associations between variables in this study.
First, an analysis is made of the entire da;a set in which wind direction
is represented by eight binary variables which take on the value one when
the wind is from a particular octant. Thus, eight new variables are added
to the data set. This technique will be referred to as the 8-sector binary
analysis. The chief advantage of this approach is that the principal
components analysis can be made in "one pass" with no directional
ambiguity. The disadvantage is that the technique is relatively blunt
since, for our data set, it was necessary to specify a wind acceptance
window of at least one octant in order to achieve coherent results.

The second technique employed is more complex. Here, wind direction
is specified by means of a direction "pointer", which selects the direction

for analysis. For each direction selected, a complete principal components
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analysis is made. The specific value of the direction variable associated
with each data point is determined by the shape of the acceptance window
relative to the actual wind direction for the particular data point. If
the wind direction falls within the acceptance window, then the value of
the directional variable falls between zero and one, depending on the shape
of acceptance window. For these reasons, we refer to this approach as the
"shaped acceptance window" technique. In this study, the acceptance window
was specified by cosse, where 6 is the angle between the pointer and the
wind direction. The shaped acceptance window technique has the advantage
of providing a much more detailed analysis of aerosol loadings with respect
to wind direction than does the 8-sector binary technique. On the other
hand the shaped acceptance window technique is computationally and
analytically laborious since a separate principal components analysis is
made for each rotation of the wind direction pointer. In this study, the
wind direction pointer (analysis direction) was rotated at 3 degree
direction intervals so that 120 principal component analyses were made per

data set,

5. THE MOJAVE TRANSPORT EXPERIMENT

The data used in this paper was derived from a field study conducted
in the western Mojave Desert during the summer of 1983. The overall
objective of the experiment was to develop techniques to assess transport
of particulate pollution into the Mojave Desert from the Los Angeles Basin
and San Joaquin Valley. Three locations were utilized in the experiment:
(1) Five miles east of Tehachapi Pass to assess transport from the San
Joaquin Valley, (2) Palmdale, to assess transport from the general

direction of The Los Angeles Basin. (3) Cajon Pass, to assess transport
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from the San Bernadino - Riverside area. The three locations are shown on
Fig. 2 which displays a map of the Western Mojave Desert. Measurements
were made for approximately two weeks at each location for the following
time periods: (1) Tehachapi, July 17-30 (2) Palmdale, July 31-August 12
(3) Cajon Pass, August 13-26, 1983.

At each 1location the following measurements were made. (1)
Particulates, using two sampling systems. (2) hourly averages of
temperature, humidity, windspeed and direction at heights of 2m and 10n
above the ground. (3) pibal measurements at four-hourly intervals. (4)
Continuous acoustic soundings (5) Occasional tethersondes.

Aerosol sampling was accomplished by means of a five stage Lundgren
greased drum impactor with a six hour sampling time (Lundren, 1967) and a
two stage high sensitivity stacked filter unit (Flocchini, et al., 1981).
The aerosol samples were analyzed for mass and elemental composition by the
UCD Particle Induced X-ray Emission (PIXE) system (Cahill, et al., 1976).

In our analysis, we have laid greatest stress on the surface data.
Since upper air data regarding particulate concentrations were mnot
obtained, transport could not be assessed above the surface layer. 1In
addition, the acoustic soundings in this mountainous terrain were too
incoherent to provide useful information on boundary layer structure.

The result of this effort was 40 days of data, approximately 13 days
at each site, taken over a 6-week period. At each site, we have paid most
attention to a 168 point time series consisting of fine and coarse
elemental particulate concentration, wind speed, direction and humidity at

10m and the bulk Richardson number, Rb, defined by
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where AT is the temperature difference between 1 and 10 meters, U is the
wind speed at the 10m level and z is the height of the wind measurement.

Since the measurements at these three sites were not made simulta-—
neously, their value in interpreting differences in transport patterns at
the locations depends on how representative conditions were, during the
observations periods, of normal summertime meteorology in the Mojave
Desert. We have chosen the following approach to this problem. During the
total six-week observation period, conventional meteorological data as well
as nepholometer measurements were available from Edwards Air Force Base,
centrally located in the study region as shown on Fig. 2.

The question we asked was how similar was the meteorology and
visibility at Edwards Air Force Base for each two-week period to the
overall six-week behavior? For each hour, six-week average conditions were
determined. For each two-week period corresponding to the site observation
periods, deviations from the six-week hourly means were computed. From
this information, various statistics were thained. Table 2 shows some
results from this analysis, including two-week means for each observation
period, the mean deviation and the standard deviations for all hourly
values for each variable. It can be seen that wind direction, the most
important variable for the kind of transport study we are attempting, is
essentially constant over the three observation period, varying from a
direction of 249.9 deg. for the "Tehachapi period" to 258.9 deg. for the
"Cajon period", with a standard deviation of 12.55 deg. The nepholometer
data showed even more uniformity between the three observation periods with
the three means agreeing to within 1.05 miles of visibility range. The
most serious discrepancy between the three periods is for wind speed and

humidity during the period of the Cajon measurement. The wind speed was
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significantly lower for this period and the humidity was significantly
higher than the other periods. It is possible that this difference may
affect the interpretation of the analysis to follow below.

The net result of the field experiment was the generation of three
data sets for the three contrasting locations specified above, each
consisting of approximately 168 data points, containing elemental aerosol
concentration and wind direction, windspeed, temperature, and humidity, all
at 2 and 10m. Since meteorological conditions were reasonably constant
during the total six-week period, we feel the data set is a good one for
both the purpose of exploring the utility of the modified principal
components analysis for transport studies and also for the specific purpose
of assessing transport of particulate into the Mojave Desert from the Los

Angeles Basin and San Joaquin Valley.

6. RESULTS

In this section we will present the results of our analysis of the
data set discussed above using the 8-sector binary and shaped acceptance
window techniques. These will lead to certain conclusions which can be
drawn regarding transport of aerosol into this region from distance
sources.

In order to illustrate the nature of the data a set of time series of
elemental fluxes is presented for each site. (Figure 3-8) the elements
presented are fine K, S, Si, Pb, Fe, and Ca. The arrows represent the wind
direction during the two hour period. The vertical ordinate represents
local flux or transport rate associated with the horizontal wind. This
quantity is computed as the product of the indicated aerosol concentration

at the surface and the wind at a height of 10 meters. These diagrams
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provide a convenient visual representation of the general features of these
data. Several generalizations are immediately apparent on inspection of
figures 3-8. At Tehachapi, during those periods of strong flux, the
transport is primarily from the west, the direction of the Tehachapi Pass
leading to the San Joaquin Valley. Occasional transport incursions from
the south and southwest also occur. At Palmdale, the prevailing 1local
transport is from the southwest whereas at Cajon, the prevailing transport
direction is southerly. At all sites, the periods of low flux correspond
to periods of northerly winds. Also, the most of the fluxes at Palmdale
appear to be larger at Palmdale than at the other two sites. Both sulfur
and lead transport appear prominently at all three sites whereas Potassium
is most noticeable at Teﬁachapi. Finally, comparison of the various local
elemental fluxes at a particular site suggests that there is a degree of
association or correlation between some of these curves, as would be
expected if there were common sources for the various elements Or common
modulating influences acting on distance. sources. These descriptive
remarks illustrate only the most general characteristics of these data.
More specific information can be obtained through various statistical
analyses presented in the following pages. The data has also been analyzed
to evaluate the diurnal nature of the parameters. The day is divided into
12 2 hour time periods.

All available data for a specific time period was analyzed to yield a
mean and standard deviation, Tables, 3,4,5 include the means, standard
deviations, and mean standard deviations of the major parameters measured.
Table 6 presents overall means of all variables for the three observation
periods. The meteorological data shows that the Tehachapi site was the

warmest, driest and most westerly. 1In general, the Palmdale site had the

i
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highest values of particulate concentration. There were two exceptions to
this conclusion. Sulfur tended to be high at all three sites but highest
and Palmdale and Cajon. Similarly, lead was relatively high both at
Palmdale and Cajon. Potassium a signature for agricultural burning was
markedly higher at Tehachapi. The flux portion of Table 6 largely reflects
the concentrations and winds. The result is that the stronger winds at
Tehachapi make the fluxes at that location relatively larger. In fact, the
elemental particulate fluxes are generally larger at Tehachapi than at
Cajon.

The diurnal behavior of the meteorological parameters and the
elemental compositions at the three sites is shown in figures 9 through 29.
All the meteorological data shows a strong diurnal signal. Wind speed and
temperature are high during the day and relative humidity low during the
day with opposite conditions at night. The relative humidity at night is
markedly higher at the Palmdale and Cajon sites than at Tehachapi. This is
an indication of transport of relatively moist air from the Los Angeles
Basin at these two sites. Vector wind direction at all three sites is
generally southwesterly but with a great deal of variability as indicated
by the large standard deviations. The one exception is the appearance of
winds from the southwest at Tehachapi in the late morning.

Figures 16 through 22 show the hourly averages for course mass, Si, S,
K, Ca, Fe and Pb for the three observation periods and locations. A few
generalizations are immediately obvious. Palmdale generally shows the
highest concentrations of "crustal" aerosols, i.e., Si, Ca, Fe and course
mass. From this information alone, it cannot be determined whether this
material is locally generated or has been transported into the Palmdale

regions from distant sources. On the other hand, S appears at comparable
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levels at all sites with somewhat higher concentrations at Palmdale and
Cajon. K is markedly higher at Tehachapi compared to the other sites.
This is believed to reflect the influence of agricultural burning in the
Central Valley. Pb is highest at Palmdale and Cajon, where the highest
concentration were reached around midnight. Such a late maximum may be
associated with transport from a distant source such as the Los Angeles
Basin or Kern County.

Figures 23 through 29 show the local transport or flux for the same
elements as above. This is calculated as the simple product of average
windspeed and concentration for the indicated hour. For the most part,
these graphs look much 1like those for concentration. For the crustal
elements, the late afternoon maximum is emphasized since both wind speed
and the concentration of these elements have late afternoon maxima. The
correlation between concentration and wind speed for the crustal elements
may indicate a local source, i.e., fine particles raised from the desert
soils by strong late afternoon winds. A summary of all collected
information is presented in Appendix I.

Since there are a large number of elemental concentrations and
meteorological parameters, it is difficult to make progress through a
purely qualitative examination. Our purposes in the following section are
to investigate the general utility of the approaches discussed above to
data analysis and also to gain increased understanding of the visibility
and air pollution problem in the western Mojave Desert. We will first
illustrate our techniques with data from the Tehachapi site and then
present a comparison of the remaining sites.

Figure 30 shows the result of a 8-sector binary analysis of the data

for the Tehachapi site. Shown, in bar-graph form, are the factor scores
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for the first six factors, deleting those factor scores with absolute
magnitude less that 0.3. The quantity "VP" indicates the relative amount
of variance explained by the factor. The first factor, explaining 24% of
the variance, consists of mainly crustal elements with only marginal
association with meteorological parameters. In this case, the analysis
indicates a weak association with winds from the sixth quadrant, i.e., flow
from west-southwest direction. It should be noted, however that this
association falls just above our 0.3 cutoff and is probably of marginal
significance. A factor like this one was found in almost all analysis we
have made of Mojave data. 1In each case, a grouping of mostly crustal
elements are found with no or weak association with wind direction or
meteorology.

The second factor, explaining 12%7 of the variance shows a strong
reciprocal relationship between temperature and relative humidity. This
reflects the fact that these two variables or markedly out of phase,
presumably due to the normal diurnal varia;ion of these variables. This
factor is always present is our analysis. Elemental concentrations whose
variation is strongly diurnal, sometimes load on this factor. 1In the case
of the Tehachapi site, only temperature and humidity appear in the diurnal
factor.

The third factor, explaining 10%7 of the variance, is another purely
meteorological ome. A strong positive association is indicated between
vector windspeed and flow from the 7th octant (WNW), showing that the
strongest winds tended to come from that direction at this site. This is
roughly in the direction of the Tehachapi Pass and appears to illustrate

the strong channeling effect of mountain passes.
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The fourth factor, explaining 9% of the variance, shows a strong
positive association between flow from the 8th octant (NNW), lead
concentration and the Richardson number. This 1is dinterpreted as
indicating, for the period of this data, a flow of lead aerosol from the
north-northwest direction. The strong association with positive Richardson
number indicates that this flow of lead aerosol occurs at night since large
positive values of Richardson number occurs only at night. At this site
the north-northwesterly direction is indicated and will be examined.
Although transport inference cannot be made from these point measurements,
this result does suggest a different process for this northerly lead
aerosol in comparison with those contained in the first three factors.

The loadings on factor 5 are small and the pattern does not appear to
be particularly significant. On the other hand, Factor 6, 6% of the
variance, shows an unambigious association between coarse mass
concentration and flow from the 2nd octant (ENE). We interpret this result
as indicating that there was a source of dust nearby in the east-northeast
direction.

Turning now to the shaped acceptance window analysis, we note at the
start that with this technique there are problems in absorbing and
displaying information. In the analysis to be shown here, we rotated the
acceptance angle by 3-degree increments. Hence, 120 separate principal
components analyses were made for each site. Straightforward techniques,
such as plotting the percent of the variance explained by a particular
factor as a function of acceptance angle, fail because the nature of the
factors constantly changes as the acceptance angle is varied. After
investigating several techniques for displaying results of the shaped

acceptance angle approach, for the specific purpose of evaluating 1local
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wind transport, we have adopted the following methodology for presenting
the general nature of associations revealed.

For each acceptance angle, we have simply counted the number of
positive associations between the wind direction variable and another
variable, say calcium concentration. Factors with no wind direction
loading do not contribute to the total. This is done for all factor scores
greater than 0.3 for the first six factors. This simple procedure is
repeated for all acceptance angles. Fig. 31 shows one kind of display that
can be derived from the procedure. Here only occurrence of at least one
association between the indicated variable and the wind direction variable
is shown, without regard to how many associations might have been noted at
a particular acceptance angle. The result of this approach is a diagram
which shows the directions for which there is an association with a
particular variable and those sectors for which there is no association
with wind direction. Note that there is no wind speed information used
here and that the strength of the associatiop has been filtered out by the
on-off technique for counting associations. Consequently, this diagram
does not indicate transport magnitude, but instead shows only those
directions where it does and does not occur.

Figure 31 is derived from measurements taken at the Tehachapi site,
and shows the relationship between selected variables and wind direction,
as defined above. Certain patterns can be immediately related to the
8-sector binary analysis, as discussed above. For instance, potassium,
calcium, iron and, to a lesser extent, silicon and sulfur show a common
pattern of association with winds from the southwest. This pattern

corresponds to the first factor in the 8-sector binary analysis. 1In Fig.
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31, lead indicates an association with north-northwest winds, as also
indicated by the fourth factor of the previous analysis.

Other interesting interpretations and observations can be made this
diagram. The concentration of positive Richardson number associations into
the north-northwest and a narrow sector to the south means that the stable
nocturnal airflow is restricted to these directions at the Tehachapi site.
The almost exact correspondence, over the northern quadrants, between the
association patterns for lead and positive Richardson number suggests that
lead transport is associated with positive Richardson numbers in this data
set. The association with stable air suggested that stable conditions are
required to overcome dispersion generated by the mountains. The well
defined association pattern for temperature shows that warm air arrives at
this site from the south-southeast. It's noteworthy that no elemental
concentration seems to be associated with this warm, daytime flow of air.
Finally, the association pattern for windspeed identifies west-northwest as
a preferred sector for strong winds, as did the 8-sector binary analysis.,
In addition, due south and northeast are shown to be sectors where strong
winds also occurred in this data set.

It's striking how much information can be gained from two-way
associational analysis without reference to the multi-variable associations
contained in the various factors which provided the bases for this
analysis. In order to provide a simple objective analysis of three-way
associations between the wind direction variable and two other variables,
we have identified four pairs of Variables‘of some special interest. These
are (1) calcium and potassium, to represent the "crustal elements" factor
identified in the 8-sector binary analysis, although we note that potassium

may also reflect the influence of agricultural or forest fires, (2)
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relative humidity and temperature at 10m to represent the "diurnal factor",
(3) lead and the Richardson number to stand as indicators of nocturnal
transport of lead and (4) lead and sulfur to represent urban pollutants
associated with transport from distant sources.

Figure 32 shows a result of this 3-way associational analysis for the
Tehachapi site. Represented are acceptance angles for which both of the
indicated variables appeared as factor scores greater than 0.3 in the same
factor. The first triplet shows that the crustal association drifts from
the southwest at the Tehachapi site. The second three-way grouping is the
diurnal factor which deliniates those wind directions for which the
reciprocal temperature/humidity relationship is found. The directions
shown, north, west and south, may reflect the impact of diurnal wind
regimes associated with the major topographical features in those three
directions. The third grouping shows a pronounced tendency for lead to be
associated with positive Richardson number when the wind is from the
north-northwest. This is the same factor as discussed above as apparently
indicating local nocturnal transport of lead from a northerly direction.
Finally, the last grouping suggests that associations between lead and
sulfur are relatively rare but when they do occur it is when the wind is
from the west-southwest and are probably associated with the crustal
factor.

In the following section we present a similar analysis for the
Palmdale and Cajon sites. Time series illustrative of the data gathered at
these sites are shown in figures 33 through 38. The general level of some
of the variables at Palmdale appears to be higher than at E1 Cajon. It
will be recalled from the analysis of the Edwards Air Force data, presented

in Table 2, that the Palmdale period had stronger mean winds than did the
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Cajon period (6.5 mph to 3.23 mph). In order to investigate the effect of
this difference on the means of the various aerosol measurements, Table 6
was prepared.

There are several interesting interpretations of this table. It can
be seen that the actual on-site wind measurements do not reflect the factor
or two difference measured at Edwards during this same period. We presume
that since the Edwards site is located near the center of the region with a
much more open exposure, this measurement represents a regional wind speed.
In contrast, the Palmdale and especially the Cajon wind measurements
represent local conditions. 1In Table 6 it can be seen that Coarse Mass,
Silicon, Potasium, Calcium and Iron (all fine) are much larger,
approximately by a factor of two, at the Palmdale compared to the El Cajon
site. At the same time, Lead and Sulfur are essentially the same at the
two sites. We believe the explanation lies in the difference between
sources of aerosol within the Mojave Desert and those without. Silicon,
Potasium, Calcium and Iron are members of thg crustal factor which we have
previously identified as a regional phenomenon, whose source is sand and
soil of the Mojave Desert. For these elements the general level of the
crustal group appears to be directly related to the regional wind speed as
approximated by the Edwards measurement. On the other hand the major
sources of lead and sulfur lies outside of the Western Mojave Desert in the
Los Angeles Basin and the San Joaquin Valley. No association with local or
regional wind speed would be expected for these elements as is shown in the
table.

Figures 33 and 34 show the results of the 8-sector binary analysis of
the Palmdale and Cajon data sets, respectively. By comparison with Figure

30, it can be seen that there are pronounced similarities between the three
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sites for the first two factors. At Tehachapi, the first factor indicated
a strong association with the crustal elements, iron, silicon, potasium,
calcium and coarse mass plus a sulfur association and a weak indication of
flow from the west-southwest. At the other two sites, essentially the same
associations appear as the second factor. The chief difference at these
sites is that sulfur does not appear. Evidentally, the "crustal factor"
represents aerosol generating processes for these elements which exist
throughout the western Mojave Desert.

Similarly, the first factor at the Palmdale and Cajon sites is clearly
the same "diurnal factor" which explained the most variance in the
Tehachapi analysis. In the case of the Cajon data, the fact that the
loadings for Relative humidity, sulfur and lead have the same sign
indicates that these quantities vary together with relatively high values
of lead and sulfur occurring when the humidity is high, i.e., at night.
This same feature is seen at Palmdale but not as strongly. At Palmdale,
this factor suggests a diurnal directional variation. Relative humidity
and the directional variable for the 4th octant (south-southeast) have the
same sign indicating a nocturnal flow from this direction. On the other
hand, temperature and the directional variable associated with the 6th
octant (west-southwest) have the same sign (positive) indicating daytime
flow from this direction.

The remaining factors for the Palmdale and Cajon data do not show
commonalities with the Tehachapi analysis. 1In particular, the association
between wind speed and flow from the west-northwest (3rd factor) and the
indication of nocturnal flow from the north-northwest (4th factor) are not
repeated for the two sites to the south. The third factor at Palmdale

seems to be unique to that station, indating an association between
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windspeed, sulfur and coarse mass but no directional association. There
are "clean air" factors at both Palmdale and Cajon. Factor 4 for Palmdale
flow from the 5th octant is negatively associated with lead. We interpret
this to indicate that winds from the south-southwest are associated with
relatively lead-free air. Similarly, the third factor at Cajon shows
positive loading for the 6th octant (west-southwest) and negative for
sulfur with the same interpretation that winds from this quadrant tend to
be relatively free of sulfur. Finally, there are three factors which
appear to indicate the direction of the daytime, unstable airflow. Both
the 5th factor at Palmdale and the 4th factor at Cajon show positive
loadings for wind from the 8th octant (north-northwest) and negative for
Richardson number, indicating unstable flow from this direction. The 6th
factor in the Palmdale analysis shows a similar relationship for flow from
the 7th octant (west-northwest).

The 8-sector binary analysis of the Western Mojave data set suggest a
mixture of regional and local influences. The crustal and diurnal factors
are clearly regional in nature. The diurnal factor seems to be directly
related to the out-of-phase diurnal variation of temperature and humidity.
On the other hand, the 8-sector binary analysis provides no information
regarding the physical processes responsible the observed association of
these elements.

Figures 35 through 38 show the results of the shaped acceptance window
analysis of the Palmdale and Cajon data, presented in the manner as was
done for Tehachapi. Figures 35 and 37, which display the individual
associations with the direction variable, show the crustal factor through
the similar behavior of potasium and calcium. At Palmdale, the similarity

extends to iron and silicon, with all four elements associated with wind

g
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flow from the northeast. At Cajon, potasium and calcium are associated
with winds from the east-northeast, while iron and silicon appear to lose
their regional character at this site. It is interesting that a clear
directional pattern emerges from the shaped acceptance window analysis, in
the case of the crustal factor, while this did not occur in the 8-sector
binary analysis.

The associations for lead are particularly interesting. At both
locations the analyses show a clear association between lead and wind flow
from the north, similar to that previously found for Tehachapi. Again,
this result was not noted in the 8-sector binary analysis presented above.
In addition, the present analysis indicates a second direction of
association with lead for both sites. At Cajon, lead is also associated
with southwesterly flow and at Palmdale there is an association indicated
between lead and south-southeasterly flow.

The behavior of the sulfur associations is also of interest. 1In the
Tehachapi data set, this element joined the crustal factor, including an
association with flow from the southwest. In the case of Palmdale and
Cajon, sulfur departs markedly from the crustal grouping and instead
associates with lead, relative humidity and Richardson number. This
association is most apparent at Palmdale; at Cajon the Richardson number
connection 1is less convincing. The directional association for this
grouping is from the southeast at Palmdale and from the southwest at Cajon.
The relationship with humidity and the Richardson number in these groupings
indicates we have isolated a nocturnal flow of sulfur and lead aerosols.
The directional association at the Cajon site is consistent with flow of

this aerosol through the Cajon Pass.




29

The directional associations for temperature indicate a flow of warm
air from the south-southeast at Cajon and from the west-southwest at
Palmdale. These directions do not correspond to those for either the
crustal grouping or the lead-sulfur grouping. Apparently the flow of warm
air occurs at a different time, probably earlier, in the diurnal cycle of
the wind regimes at these two sites.

Figures 36 and 38 show a three-way associational analysis, similar to
that presented earlier for Tehachapi, for Palmdale and Cajon. The first
grouping is for the crustal elements, with calcium and potassium choéen to
represent the larger group. At both sites the crustal group is associated
with flow from the northeastern quadrant. The diurnal factor is similar at
both sites, indicating a very broad directional relationship, especially at
Palmdale. This may indicate diurnal phenomena occur in all directions
especially away from the mountains. Lead and the Richardson number were
chosen for the third grouping to clarify this relationship. At Palmdale
there is clear evidence of a broad flow of sulfur-laden associated with
stable, i.e., nocturnal air. The directional association is from the
south-southeast. At Cajon, the lead-Richardson number grouping reveals
little except a weak association with flow from the north. Reference to
the individual associations (Figure 37) indicates that the southwesterly
flow of sulfur and lead is well defined and strongly associated with
humidity and, consequently, undoubtedly a nocturnal phenomenon. The
lead-sulfur association is shown in the fourth grouping. At Palmdale, the
group 1is associated with flow from the south-southeast and from the

southwest at Cajon, as mentioned above.

7. CONCLUSIONS
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We have concluded that both of the techniques used in this study, the
8-sector binary and shaped acceptance window methodologies, were successful
in providing easily interpretable results. In particular the relationship
between the wind directions identified by the analysis and reasonable
source directions for particular elements was close and strengthened
confidence in the approach. We have used the term, '"local transport
direction'", to describe wind associations with particular elements
identified from a single-station analysis, such as those used in this
study. Strictly speaking all transports identified in this document are
local since they are based on local, single-station measurements. 1In
certain cases we have speculated that long range transport may be involved
on the basis of indirect evidence. For instance, nocturnal flows of
aerosol may be associated with distant sources since most sources are
diurnal in nature, with maxima during the day. Likewise if transport is
indicated from a direction for which there are no local sources then a
distant source is likely. In addition, wg have found that additional
valuable information is obtained if other meteorological parameters are
included in the analysis. In particular, stability (Richardson number) and
relative humidity allow unambiguous discrimination between daytime and
nocturnal flow of specific aerosols.

In general, we found the 8-sector binary technique to be a useful
"first cut" on the data. This technique identified all the main features
also found by more detailed analyses. The precision possible is limited,
however, by the record length. Im principle, with a long enough record
length the acceptance window could be decreased to achieve precision
comparable to the multiple acceptance window technique. With the same

record length, however, we found the shaped acceptance window technique to
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provide a greater amount of information with much more detail. On the
negative side, analysis of the shaped acceptance window is laborious and
more work needs to be done to provide output that is directly
interpretable.

With respect to the Western Mojave Desert case study, we have found
clear cut results regarding three aerosol streams. The three aerosol flows
are described as follows.

(1) The lead aerosol. During the period of this study the nocturnal
flow of lead aerosol at Tehachapi was particularly well defined. The
direction, north-northwest, points generally in the direction of the
southern Sierra Nevada Mountains. 1In addition to the northerly flow of
lead aerosol, there was a nocturnal flow from south-southeast at Palmdale
and Cajon and a daytime flow from the south-west. It should be noted that
none of the local transports for lead aerosol have any direct relationship
with the direction of the major mountain passes leading to the Los Angeles
Basin or the San Joaquin Valley.

(2) The lead-sulfur aerosol. In addition to lead-only aerosol stream
discussed above, the analysis also identified a combination lead-sulfur
aerosol with quite different characteristics. All the local transports
were from the south. Furthermore, the associations were strongest for the
southern stations. 1In addition, the directions of the local transport of
this aerosol were more nearly in the direction of the nearby mountain
passes. Finally, it should be noted the majority of the local transports
for the two aerosols discussed above were nocturnal.

(3) The crustal aerosol. On the great majority of individual princi-
pal components analyses we have performed on these data, the factor ex—

plaining the most variance contained such elements as Calcium, Potassium,
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Iron or Silicon. Normally, there was no association with other elements
although occasionally sulfur joined this group. We have used the term,
"crustal aerosol", to refer to this grouping although we recognize that the
potassium may be derived from distant agricultural burning, and we inter-
pret this aerosol as being chiefly derived from desert and mountain sands
and soils through the action of the wind. However, the crustal factor
normally showed weak or no association with local transport direction. We
interpret this result as indicating that the crustal elements in the lower
atmosphere above the Western Mojave Desert are relatively old aerosols, the
net result of many transport events and directions, mixed to relative
homogeneity by the vigorous mesoscale circulations associated with the
mountains and deserts of this region. All the directional association were
quite weak and only marginally significant at levels chosen for the analy-
sis. Consequently, we do not believe that great weight should be placed on
the local tramsports indicated in the table. We have concluded that the
crustal factor is a regional phenomenon, not related to any particular

local transport process.
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